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Scope

 Buildings, building performance, building
enclosure, building envelope

e Improved energy efficiency
— Loose interpretation of NZE

e Marc Rosenbaum, Energysmiths, Inc.:
Photovoltaics are the badge allowed to be worn
by those who do everything else correctly.
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Technical Expertise and Subject Area

AN ARCHITECT’S GUIDE To MOISTURE AND MoLD

i 1T S b SoRs Commercial Buildings:
T Taking Notice, Finally



Background: GAO report, April 1980
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FEDERAL DEMOMSTRATIONS OF
SOLAR HEATING AND COOLING

ON COMMERCIAL BUILDINGS HAVE

NOT BEEN VERY EFFECTIVE

GAO reviewed the Department of Energy's
program for demonstrating solar heating and
cooling on commercial buildings and found
that

—-most projects funded under the program
have not demonstrated that solar heating
and cooling acre practiecal,

-—data dissemination has not been very
successful, and

--the extent the program has aided in devel-
oping a viable solar industry is unknown.

MOST PROJECTS HAVE NOT
DEMONSTRATED PRACTICALITY

As of July 1979, the Federal Goverpment had
spent over $44 million on 238 solac projects
on commercial buildings. While these proj-
ects have provided invaluable hands-on exper=—
ience for builders, installers, and others
integrally involved with the program, most
of the projscts funded have not demonstrated
that solar heating and cooling of bulldings
are practical-—many ol the projects were not
operating properly and most projects were
not cost effective.

Very Few commercial demonstration projects
were operating as designed. As of June
1979, only 104 of the 238 projects funded
had been constructed and each project's
related solar system started up. Of the
104 projects, 55 (or 53 percent) were either
down, partially operaking, or were being
tested. Additionally, neither the Depart-
ment of Energy nor the project owner knew
how much energy many sclar systems were
contributing. ©Of those with data avail-
able, many were not providing the expected
energy. (Sse p. 6.]
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Most projects funded under the program are
net economically viable. GAQ's analyses
showed that mosk projects were not expected
to pay for themselves within the 3 ta' 5
vaars generally reguired by industry, and
most projects had expected energy costs sev-
sral times greater than the most expensive
alternative fuel. (See p. 1l.)

The program's failure to demenstrate prac-
ticality was largely attributed to the
Department's lack of a definition of prac-
ticality, the absence of a strategy for
supporting projects meeting that definition,
and the Department's failure to emphasize
cost-effective systems in choozing projects
for support. Ancther fsctor was the Depart-
ment's funding of projects based on sketehy
design data contained in project proposals.
{Gee pp. 9 and 14.)

DATA DISSEMINATION HAS
WOT BEEN VERY SUCCESSFUL

The Department of Energy has established a
dats dissemination program to provide reli-
able, objective information to enable in=
dividuals and organizations to make decisions
on the purchaze and use of solar heating and
cooling eguipment. The data dissemination
program cost for commercial demonstrations,
through fiscal yesr 1979, exceeded 513 mil-
lion. The benefits from this program thus
far have been limited. Site data cellection
and analysis have been raelatively slow, with
only a few sites sctually providing report-
able datz. Scme sites will probably have no
data collected. Additionally, it is doubt-
ful that the information collected and dis-
saminated primarily through the Department's
Technical Information Center at Dak Ridge,
Tennessee, is reaching much of the targekt
avdience. (See p. 20.]

EXTENT THE PROGRAM HAS
AIDED IW DEVELODING A WIABLE
S50LAR INDUSTRY DNENOWN

The Department of Energy had not trans%ated
its definition of what constitutes a viable
solar industry into specliic measurable
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goals by which it could measure the indus-
try's progress and develop strategies for
stimulating the ifndustry.

While the industry has grown conziderably
and the Department has implied in hearings
and program documents that its program is
generating private buying, GAD's analysis
indicated the Department does not know what
effects its program is having. GAQ believes
it is doubtful that the demonstration prej-
ects have stimulated much additional buying
becauses most projects did not show sclar
energy systems to be practical. (See p.
27.)

RECOMMENDATICNS TO THE
SECRETARY OF ENERGY

Because most solar projects on commercial
buildings were not demonstrating that soclar
heating and cooling are practical and be-
cause of the large number of projects with

operational problems which can serve as dis-

incentives to the widespread use of solar
energy, the Secretary of Energy should:

=~Evaluate all solar demonstration projects
on commereial buildings to identify the
magnitude of each project's problems, what
it would take te correct the problems, and
the likelihood that the project will show
solar to be practieal. Action should be
taken to correct the problems identified.

--Take specific actions to increase the
likelihood of funding projects which dem—
onstrate solar te be practical, thereby
encouraging more use of solar heating and
coeling. (See p. lé.)

fa improve data dissemination, the Secretary
of Energy should:

--Devise a means to determine the amount of
energy being provided by each demonstration
project. Such information is eritical to
evaluating the system's practicality and
will alss add meaning to manually collected
data.

iii




==Direct the Technical Information Center to
expand its criteria for adding groups to
its mailing list to ensure that more Indus-
try user groups are ceached.

--Place greater smphasis on making user
groups aware ¢f the availability of data
prodioced from demonstration projects.
(See p. 25.)

Bescauge the Department of Energy does not
know whether [ts program is siding in devel-
oping a wvisble sclar industry, the Secretary
of Energy should develop appropriate meas-
urements to gauge the impact of its =olar
demonstratione on commercial buildingsz, and,
i1f appropriate, develop alternative strat-
egise or options, including legislative
proposals, for encouraging the widespread
use of solar on commercial buildings. The:
Secretary should present the options with
probabls costs and impacts to the Congress
for its consideration in funding further
sclar pregrams. (See p. 32.)

MATTERS FOR_CONSIDERATION
BY_THE CONGRESS

Ewern wikh improvements to the program, GAG
guestions whether the demonstrations will
promote widespread use of seolar. In carry-
ing out GAD's recommendations, the Secretary
of Energy may be developing and reporting

to the Congress alternative strategies for
encouraging widespread use of solar heating
and conling of commerclal buildings and for
developing a wiable solar industry. To the
extent such strategies include new legisla-
tive proposals, the Congress will have to
carefully weigh the costs and asseociated
impacts of each such preposal in order ko
decide which are best for achieving the pro=-
gram's intended effect. (Ses p. 32.)

AGENCY COMMENTS

Iin ‘its comments (see app. II), the Depart-
ment of Energy agreed with GAO's recommenda-
tions with ane gualification. In the De-
partment's opinien, GAO's criticism of the
economic wiahility of the demonstration

iv

projects failed to take inte account the
intent of the Congresa when it passed the
Solar Heating and Cooling Demonstration Act

of 1974. GAO, however, disagrees with the
?epartment's interpretation of legislative
ntent.

The Department also suggested three addi-
tional recommendations concerning the pre-
moture nature of the demonstrations. GARO
believes it has adequately covered the
thrust of two of these recommendations and
disagrees with the merits of the third.

The Department'e commenks and GAO's evalu=-
ation are presented beginning ¢n page 17.




Background. Building energy use increasing

total energy consumption for residential (RECS) and
commercial (CBECS) buildings by year (quad)
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Background: Energy Use Intensity decreasing, by
year of construction, four CBECS studies

Energy use intensity (primary energy), by year of construction
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Background: LEED energy use
compared to CBECS

Energy Intensity (kBtu/sflyr)

Comparison of energy intensity:
NBI data reconstituted from graph, and
CBECS data non-adjusted
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Background, summary

Previous efforts at improving energy performance of
buildings--failures?

—I1G, low-e, low-income weatherization, foams, superinsulation,
energy codes, building science, appliance efficiency, ddc, air-to-
air exchange,...

On the whole, building energy use is increasing. New
data may reveal otherwise.

® Energy Use Intensity in the US is decreasing.

Programs with effective evaluation show improved
energy use. Programs with low level of evaluation show
disappointing energy use.



Opportunities

* Aim: to reduce energy use In buildings by
iImproving the building envelope
— Principles

® Airtightness

® Promising materials
Not-so-promising materials

® Existing (legacy) buildings



Building envelope principles

® Good roof, dry foundation

® Apply thermal insulation to the exterior
Assign low value to insulation in metal stud ass’y
Discontinuities with interior application

® Keep glazed wall percentage < 30%

® Ensure airtightness (see below)
— Ensure continuity of insulation, airtightness at details.

® Durability is a function (primarily) of rainwater
drainage and maintenance

® Existing buildings are rising in importance

® Standards exist to address common vapor protection
guestions. ASHRAE 160.

® Fund maintenance, operation, repair, replacement



Increasing variability in conditions

Opportunities: Effect of airtightness on
control and variability of interior environment

Increasing loss of humidity control

(humidity)

7388
3588

Increasing looseness of building envelope




Increasing variability in conditions

Opportunities: Control and variability of interior
environment (temperature)

$$$

Increasing loss of temperature control

Increasing airlooseness Increasing glazing

v
v




Airtightness targets
http://www.nibs.org/JBED/JBED Winter08.pdf
Terry Brennan

* British best practice for office buildings is 2 m*/hr@50 pascals
per m? surface area (2.6 m’/hr or 0.72 L/s @75 pascals per m?
surface area—assuming n=0.65) (ATTMA, BSRIA). Two of the
buildings in the dataset are within |10 percent of this target, but
none definitively meet it.

o For commercial buildings Henri Fennell suggests a State
of the Art target of 2.7 m¥hr@50 pascals per m? surface
area (3.5 m’/hr or 0.97 L/s @75 pascals per m? surface
area—assuming n=0.65) (Fennell 2005). Just over 2 per-
cent of the buildings meet this target.

o ASHRAE Addendum z to 90.1 2004 allows 2 L/s @ 75 Pa
per m?surface area.

o US Army Corps of Engineers airtightness requirement is

setat |.25 L/s @ 75 Pa per m? surface area.


http://www.nibs.org/JBED/JBED_Winter08.pdf

Airtightness unit conversions
@ (pressure) Pa

British Part L 10 m3/h-m2 @ 50
5 m3/h-m2 @ 50
2 m3/h-m2 @ 50

2.7 m3/h-m2 @ 50

ASHRAE Add-z 5.56 m3/h-m2 @ 50

3.47 m3/h-m2 @ 50

British normal
British best

Henri Fennell

Army Corps

3.6 LIs@ 75
1.8 LIs@ 75
0.72 LIs @ 75
097 LIs@ 75
2 LIs@ 75
1.25 LIs@ 75

0.0059 cfm/ft2 @ 50
0.0029 cfm/ft2 @ 50
0.0012 cfm/ft2 @ 50
0.0016 cfm/ft2 @ 50
0.0033 cfm/ft2 @ 50
0.0020 cfm/ft2 @ 50



Building envelope opportunities

® Foams and gels--next speaker

® Air barriers--next speaker and Air Barrier
Association of America

® Low emissivity surfaces

® High quality, insulated glazing, evacuated
glazing



Building envelope opportunities--
not-so-hot

Dynamic wall

Phase change materials
Double-wall construction
Vacuum panels

Thermal insulation at metal studs

Insulating existing buildings at the interior

Replacement windows
—try insulated storms




Opportunities: existing buildings

Durability studio

Preservation + weatherization + building science
+ auditing

Cultural appreciation
Push-come-to-shove resilience
How long should buildings last?



Barriers

Metering, reporting, auditing, analysis, summary
— Projections (models) cannot indicate variance

— Owners resent publication of utility data

— Tennessee example: utility data is public

— Reluctance to do program evaluation

Contracting for high performance

— Resistance to airtightness standards

— Design-bid-build delivery

— Complaints of unavailable equipment and expertise
Case studies in peer-review literature

— Owners’ reluctance

— Control by reporting parties

— Few venues, low standing



W e

Paths forward

Improve energy reporting
Performance contracting
Tracer gas improvements

Building Envelope Recommissioning Center
1. BERC lite



Path forward 1: Improve energy
reporting

Meter everything

Make data available for research purposes
— Determine variability of energy use

Conduct program evaluation

— Avoid reports like GAO 1980.

Develop energy dashboards

— Wireless data transmission from sensors

— Provide energy conserving opportunities by web

— Conduct pre-post retrofit studies directed from afar
— Collect and analyze retrofit assist studies.
Improve case study reporting.

NO excuses.



Path forward 2: Performance
contracting

Support specifications for performance,
iIncluding airtightness specification

Ensure the delivery vehicle can deliver
performance

— design-build--probably

— design-bid-build--unlikely

provide oversight, QA, commissioning, to ensure
compliance

find paths for correcting non-compliance



Path forward 3: Tracer gas improvements

CO,, Sk, He, PFT
are common. All

FT17, event 8, NO: data and curve fit

have limitations. -

® Recommend _ o
a 0.3

development of < oz
microtracers. £ o0z

g 0.15

® Recommend NO. 3 o
0.05 -

0
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Blower door / tracer gas

Snapshot

— usually with one mode
of operation

— usually at one wind
Speed
® Simultaneous

diagnostics and leak
tracing

Hole performance
may be distorted by
pressure

® Conducted over time

— Various modes of
operation

— At various wind
speeds

Does not aid
thermography

® Captures correct hole
performance

Gases may be
troublesome



Schematic of building/envelope performance

Mechanical pressurization
—O— P

Blower door results

_— Ventilation equipment

HVAC operation

— No mechanical

Increasing air change rate

/

Increasing wind speed




Path forward 4: Building Envelope
Recommissioning Center

« Develop a faclility that houses
mockups and test equipment.

— Build full-scale bays of client
buildings that include all details

— Test, improve, retest, further
improve, retest

— Retain mockup for training

— Ensure thermography,
airtightness, water test
capabililty.

« BERC-lite
— Provide all services of full-scale

mockup on particular building
details (floor-wall, roof-wall, etc.)

— Take advantage of improved 3-D
graphic capability




References URL

Journal of Building Enclosure Design (JBED)
http://www.nibs.org/jbed.html

ASHRAE Handbook, Standard 160
http://www.ashrae.org

Oak Ridge National Laboratory www.ornl.qov
Air Barrier Association of America www.abaa.orq

Energy Information Agency (DOE)
http://www.ela.doe.gov/emeu/consumption/index
.ntm|
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Questions?



RP1365: Thermal Performance of Building Envelope Details for Mid- and High-Rise
Buildings

1496: Moisture transport in construction materials and assemblies at low temperatures

Attic Thermal and Moisture Performance

Building performance in near-ocean environments (Very high exterior moisture loads, Daily
on-shore winds during warm season, small land area w/ large $ investment in structure)

Investigation of long-term performance of sheathing membranes under different cladding
types (issues of surfactants chemical attack, aging through testing)

Measurement of High Temperature / high humidity material properties

Building foundations: heat & moisture transfer

Rain load on envelopes -- deposit, run-off, concentration, leakage, good detailing

Interactions between the envelope and HVAC systems with improved air barrier
effectiveness

Effect of airflow on moisture/thermal behavior of frame walls

Determine thresholds for the risk of moisture damage/mold growth of various celluolse
based sheathings. How much wetting ang drying is acceptable.

1018 Update: Hygrothermal properties of more common North American Materials



Impact of air tightness of 2 wall systems of a function of 5 pathways in all IECC zones

Improving thermal and moisture performance of existing residential above grade walls

Energy performance of unvented and cathedralized attics

Development of Rational test methods for water resistance of sheathing membranes
based on in-situ conditions of installed barriers

Moisture production rates in multi-family dwellings

Wind-driven rain on multi-family dwelling

Improving envelope performance of historic buildings

Effect of reflective steep (sloped) roofs on moisture performance

Influence of poor workmanship

Moisture performance of details (claddings, flashings, wall penetrations, etc.)

In-plane performance/long term durability of spray polyurethane foam isulation in
residential and commercial buildingsin-place

PV/Roofing integraton

Low-cost techniques for low-income zero-energy housing

Indoor Design Conditions for Moisture Design in Air-Conditioned Residential Buildings

Development of hygrothermal design guidelines for crawlspace modeling




Considerations for retrofitting wall and ceiling assemblies by climate zone

Do white roofs cause moisture problems?

Effects of sealing techniques for wall penetrations on moisture and thermal transfer

Quantification of ventilation rates behind claddings

Impact of increasing energy performance expectations on durability of envelopes

Implications of part-load performance of HVAC systems on the building envelope

Failure criteria for building materials

Improving thermal and moisture performance of existing crawlspaces

Improving thermal and moisture performance of existing basements

Thermal and moisture performance of roof assemblies with varying vapor drives

Thermal and moisture effects of insulation type and location in walls

Performance & limitations of peel & stick membranes used as water-resistive barriers in
exterior wall assemblies



Economic mitigation potential, including
Buildings sector

Economic mitigatio, tials by sector in 2030 estimated from bottom-up studies

GICOs=-eqfyr
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Bl O Non-OECD/EIT o _
1 A BET Organization for economic
BQECD cooperation and development
EWorld total (30 countries)
A O L& P P rF P S P UsSstCoseq
Energy supply  Transport Industry  Agriculture Forestry Waste Economies in transition
total at <US$100COeq in GtCOseq/yr: (10 countries)
2.4-47 1.6-2.5 2555 2.3-64 1.3-4.2 0.4-1.0

Figure 4.2, Esiimated economic mitigation potential by sector and region using technologies and practices expected to be available in 2030. The potentials
do not inciude non-technical options such as lifestyle changes. (WGII Figure SPM.6]

Notes:

a) The ranges for global economic potentials as assessed in each sector are shown by vertical lings. The ranges are based on end-use allocations of
emissions, meaaning that emissions of electricity use are counted towards the end-use sectors and not to the energy supply sector.

k) The estimated potentials have been constrained by the availability of studies particularly at high carbon price levels.

c) Sectors used different baselines. For industry the SRES B2 baseline was taken, for energy supply and transport the World Energy Outlock (WEQ) 2004

baseline was used; the building sector is based on a baseline in between SRES B2 and A1E; for waste, SRES A1B driving forces were used to construct

a waste-specific baseline; agriculture and forestry used baselines that mostly used B2 driving forces.

Only global totals for transport are shown because international aviation is included.

Categories excluded are non-CO, emissions in buildings and transport, part of material efficiency options, heat production and cogeneration in energy

supply, heavy duty vehicles, shipping and high-occupancy passenger transport, most high-cost options for buildings, wastewater treatment, emission

reduction from coal mines and gas pipelines, and fluorinated gases from energy supply and transport. The underestimation of the total economic potential

from these emissions is of the order of 10 to 15%.
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Background: Pre-WW2

Figure 1-11. Research Residence

No. 1, with an unusually large number
of single-pane windows and six
rooms with three exposed walls, was
a real challenge to heat.
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“Save Fuel for Victory”
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oo, Henee, i b apyr —
thiz lose nboul soe-ln . .

e et 11 o] FIFSE: StOrm doors
siglor Lhe returns on thi

doar, b ecernes o omosl Second: StOrm SaSh

Lf wor pre renling o

sor i s | Third: insulation

aceipping Lo the door,

L]

v owhistles througl the ereclis, Felo steipping sulficienc o length o
westherstep o dose may be porelased afo o Bardwrnre slore for abost
Lo or fifbeen cents, Thease strips can be readily ekl on to the deor
feame an that whet the door is elesed g Taivty tight aeal @2 made. This
fype of woeathersteipping s oot as effcetive nz e Aehlly-lcbing etotm
bonr, but s bobter than nene ot oall,

The covond *mnet”™ veguivement 14 the application of stonn saeh
Trats made in the Wann-Atr Weating Researels Best-
Aeveear the Univeraity of ineis hwve shown that wien tghbly-king
atorm gnel was applicl toonll the windews oo house, o saving in fuel
vemsnmption ol nboub teenty per cenb owas elibsimed, The stoem s
shonlhd hee tightlhy fitted aned showld e deswn op tightly when elesed,
It shonld be rewlized hal o propeddy-installel stomm sl oot only
rerliaees the heal Dansmicted threngl the glass, Dol adao reduees Lae
i lenlongee avonmed the windews, With tightlv-lithing storm sash 3t s

tu chee el

oL NAGIERILEY to have -.-'l.'!|I4I|'|l.'|L; l.'\rl'.:lI.||I:r':<1!|"|‘_:!l|:-il'||'_‘: whimehed Lo the
mEice wintdows, TT neevss:

v, Feleetripping ean be Geeked on e storm
snsh toosenl any ersels bebween the storm ansl o fho owi
fenine, 10, o aeeount of Whe expense volved, all of Bhe windows
Fannpt be |;-|'-:;|I-;-|_:I,;:'|! ot one fime, ol least those windows which faes
e norih and weose should he protected. Other stormn sash can then b
arddder Tater.

i II’M\'

“Apeelnl Bivnroh Aescdnle Foofessr Gl Xociiulinl Engmeening,
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Storm sash wlao ineresses comfors, T0 your plaee o themmonieter on
the o =il vos will find thar the tonpeenture of the sir vollng off
the eolil window surfaces will be considersble Jower fan Hae

ture of the airin the mo

fon e -

Al ead Wi poenny, When storm sash i oapplisd
Lo Lhe wandlowy, elee guandity of eold e that porlls floen Lhe seindosy i
redueed and the lemperaturee is merensed, This eold air Uil rolls ol
tlic window settles to the Hoor. Teats eve aliented thal b the n=e of
storin sast e aie lepperabuee b e foer level, or the erawling level
for o youngsier, i ased twn or three deprees e eobil weatlior, n
wbdition by raiging the temperatoree ab fhe Aooe lesvel, e wse oF storm
each ruiees the temperatue of e ploss soefuce which faees fhe
veenpnnt, wod Gerelns reduees the radintion of heigt trom Qe buaman
boy to the enld saneface, Probably moet of vou heve potieed That
windows protected with storm sash do not eolense moistare, or Y for,"
g realily s unprelected windows, This is furtier evidenee of the frel
Phat the inside glass Aemperatoree bas been ratsed. Ao additionnl
hemedit that aeeompanies the use of stovm sash will e appree
L liemneowner, Ta n ey Inzge extent e soot thit come
|.'|'.|': |||1c]i|||||'_'_r '-\.‘-'illdl,'ll.‘-' Qi 1_1(: .‘sL1||:l|‘:~::t! |:|:-,' (HiTY I|IZII.I|.I|\'_' ﬁ:{:.:l.l. B l.|IJI|. 111
aoniy seighhorhond ilwill ne donger be neecsswry W dost off the sool
Uat ellerwize colloets on e window sifls. Toking all these benofils
il pongideration it appears bhat money invested imoslorm sash piys
el dividends,

The f st ™ requiremnent 3 4he nee of insulation m the attie
floor, W reemmmend that over the ceiling inll ol s ciposed 0 the
abdae, o laver of sl L= Lieabe] pragaer b Baie, "This paper i teehmically
Bnoawn as o “wvapor barrier,” and serves fo provent molsbiere {rom
leaking through the plaster and colleeting on the unalerside of the mood
eovering. Some of the insulation Lk s availeble oo Lhe marker comes
in Ui forme of o ol ahout 14 inches wide and feom 1 oto £ inelies
tlicls, anel i= eoversd on one side withe s Yvapor baesee The

p sl il
e roll er bedt sioub] be applicd sex b the loth, T o lense Tomin
of nsulation iz io be peed, Lhe insslation should be poured gt of the
hag and shonld enver the vapor baccler to w uniform deptl, Inony
ez, whether the rell form or the foose Tome of insulation is applicd,
wi recomienend sk al Jeast o two=ineh thiclkness be wzed, and preloe-
sy o fonr-ineds Wickness, o the case of an unfiniEhed attic Goor 3k i
alen possible o nail maulsbing bosrds over e aliie josts. Thosd
imaulutine bosrds aee usenlly peaileble in thickness o Trom 24 oo 1
fuedy, wngd cnn beorendiby handied by any homeowner. 10 the atdie bs
portly Aoored 38 may be necossnry to B up the ooring to apply thie




Solar Age magazine, led to superinsulation

Goal: average consumption of non-renewable
heating and cooling in all new housing should

Total housing stock should be weatherized
and/or retrofitted to consume less than 50%
of the non-renewable heating and cooling
energy of the total housing stock in 1975.

be less than 15% of that used in 1975 vintage.

arations of cnergy wars
il imprort gustas have
fittle 1o ':alsc the energy
ency iof new 1.
Fentional energy-wastes|

ings Are sl the narm in
bussdruction industry .

iz becauss several
san hoases has
Ing thedr oaners cozy over
st Five years using b
13 percent-of the fuel

by cutsventicnal licasing.
e windoas
thickly isulated walls
ceilings provide grenter

If solar energy is to supply 20% of our energy
Needs by the year 2000, these problems
(solar warranties) need to be rectified.

ot thaiy cony

e seshems adds sioness and
piant warmth, In concert
pith enenzv.ef
i, active systems can eli-
imare aummm and spring

il bills and redice e nede.

Solar Warranties Badly Needed

hitle the Solar Age Rast o
pronches, mnjor problems f
g eonsnecs af solar equip
ment are heing neplased. The
level of censumer confidenes
- serlar systems esed for spoos
hznting nnd cooling and water
huating is mat very-high.
Mony syems ameonot prog-
arly dmtailed or st and ad-
rc:ld\ 1|.:s\<: oo will hinve prab-

SITHECS Are nat bulng
alfered wurmanties. Those who
manage o JhInin covErage A
irmes vt \L|:lnr._r" WiT-
e

the manufacurers and the in-
staller.

I solar enerey b 4o supply
B pervent of aur enetey, needs

EDITOR’S NOTE

szl i sxpense af hock.up
srstome i e coldest montis.
Undengreand constmaction
Dirdiggs this segquence one step
cloger 0 the ol of weadly <li-
mmiriad ul hills by priect:
ing th s from mid-winter
ExlEEIEE,

dost of these solar age
hrmevwmers bve sedved the
frst-cost: probbem and find
that owning and opesating
Elicle Jow enesy. homes—iiz-
cluding morgage payments,
insuTance. propery
mintenanee, nd
costs logs than owning couven-
Bemal hogsss, Afes all, fo
st peogle, the poine of sav-
ing eneray is to reduce survival
o

Enenm planning e il
ings shoald cxamine savings in
light af imma] ol
Ff'ﬂ ral cergy standards for
ingzs should aot e devel
op“ in-the abscnos of ax

A Goal for Energy Efficiency Housing

refogm, now: fmancing
mechasiines, and sdditional
mortgage maney to eaable
buIILI G Detiems Lo preler
first-costs aver energy
Y-

today’s margage

ach incrEmentin oot

foTms,
ol ST mesane, rouglely $10H)
more b anneal morngase pay-
menss, A S50 o 510,000

additional fivst cost for eneray-
SWNE eonstraction can melnos
annual hcn. ing {and cooling)

ponding on
eumstructicn fechnigues und
climnze,

Clur 8 midlion buildings
canmime hetwesn 36 and 4
porcent of our natien's ereroy
T vil sgueivadent of this con-
sumption &5 [2 millien hamels
per day imbd), compared witle
ol impoets of kss than 9
mid, An §58 hillion siuels
program will, &t best, provide

ANOTHER OPINION

By Alhert Gore, Jr.

by el yeor 20040,
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He foneof those ef-
lielp ensure sysiem e
and wopsumsT confi-
dence will be sufficient if ade-
quate warsanties ave na
whle Warrnnties ore ooy
miarketing oals ahich can
greatly Iscrease conswiner con-

Ficlenice.

\{:n] aew er sodar cani-
pasiess ure it Financiafly ahks
©compreiicasive was-

- Furthermone, muny
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For Utese: 1

sixlance in prov
hensive waranties. S
prcposads betig com
cheies {1 n reinsarance pro-
e whieh would trarsdier 1o
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Ilshln of covering :ol.u walr
ranky nsmunce policies, there-
hy hrandening clig fir
the insuranee zid rm]m.ulg
the eests: 12) & reimbirsement

el 2.5 mhd h' 19490, Ensrey
wasteful buildings sne an wn-
tnpped ofl reserve.

IT v blieyve thene is anoen
ergy proflem, then letus siop
buifding enengy hogs. Tnsbead,
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Hre avirage consnngiion of
nan-renewnlle feating and
cosling caergy Bl mey
Fansing shiandd e less o,
st of *then! arend in

i
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Rearfug and o
used m i poaral Bonsing sk

Hrues Anderson
Executive Editor

program which would provide
finaneinl assistance to salar
c...mpann:s [‘e— IJu_J

Sillen coverage costs atl
waikd. affer back-up coverage
b consummers for peasonable
chims when a company pani:
cipnting in this program is un-
able o puy.

Albert Ciore, Jr., i a mieawber
A Conarers Fepregensing e
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Superinsulation and airtightness

The Art
of the Possible

in Home Insulation

By David A. Robinson

Annual fuel bills of less than
S100 may be possible in houses
that cost only 51,500 (o $3.000
mare (o build, The economics
of intensively msulated strue-
[ires appear very attractive:

he residense b Morhfield, Minn,
T % rl"mgnru toi oz s coonoinics] ns

gunsilles Lifo-cyele eosts wane con-
sideved at the enrfivss sizpe The method
quiekly Ted o Lz conclusion fhat amestly
Iretezsed  insulntion levels would  sove
morsy in the lomg cua,

O nn annuzl bass, aboat 70 pereent of
the spave-feating lond ismer by solur ener-
oy and nternad hoad for the L8R squanes
foot house, Trireet gain From 90 square food
faced sauth windomws, plas inter-

at, acoount firaboul 30 pereent. of
this. Tl semaining 40 percent is provided
by a 330 fock water  circibating
drainsdoam active system. Mighl windoa:
insulatica s not need. Intemdve insilation
seleaiisr o the
Mid-American Solar Energy Conter, 1256
Tragsp R, Eligein, Mii, SE02Y. The ar-
chirecr far tiee Nordfyfield hoise was Reder

Ouanbpak. privsipm with Sonk Mathes
Sarfram Quanbeck i Nomeficld. e
penera! contrciie war Dalflag Hisos of
Farrraington, Mine.

ond ather comservaion sintegies enxblad
vmly B0 KW of clectric back-up and ane-
Bt ot o wasel Lo %eep the Roese coms
fortable throngh the secomed sl severe
winter in Minaceota history.

Design features
The s {5 ariente] o take advantags of
all the seasons Mintescin has 0 ofer A
sepeened poreh on the seathedst cormer pe-
teives bright moming sim in the wuones
and is shaded By mid-aflerncon, & Tong an-
Fritnos WAy SCTVES 25 AN air Jick winer ciry
and n bresseway for e summer parch.
Sliting glass doors do the porch dnd oolrt-
yard e adjusted accanding toseasons The
west-facing conrtyar pravides sudic shel-
ser during e fall and spring sfemoons.
The szl windes ans & aboat 1D per-
aent of the flaer aree of the biase, Half of
thee window atea s on the sonth side. The
remaining W syuare feed arc distibuted
around g wase 1o provids ikt vendila-
tion, and views witlell segned oo cimitic
fth cosement  Windows
atalied with sills n=ar thee flooe e o
ereide i desnuble s ol pleasang ifhesion af
SEE0C USING ) minimum e ufgaaﬁ
Four-season air cirnealabion s provided
by & centeal foreed-aic elemric fumice. An
air rebiem keced near e colling of the np-
pot level coltects the warmese 2ie, whichis
circulated o the lower levetor exhousteid o
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fhe cutside. degending on the. sca:
Dhuicts betw
enline war
whsale house to l-c
Tome-leyel v

through the
o SIImITer.

Insulation economics
¢ insalation amebea used o desipr the
s L
sipsulintion eosts inensse b propertion
ti the [ value: and
retergy e decrns i propantion o

ta peniecal guidelines:
money spent em, & heated eavelaps for all

T cost is10 Iu-
. Secon

e altseased i) Heeprocecdigs o seed
sofmr piecdingy. Copds are miailahle fvan
el it —EiL )

nesla fowse wis the con
izl al insulation values sheaid be dobied
cortpared with e practice for even in:
expeisiive pas-hear, e v fife-cwdle
ol were chieen,

Theamoanes of iniilations tat ca be
added woonsmtically ane very Isrgﬂ. Tlie
s that can i
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Energy saving features
Tl beerse was insulated as shown in Tabbe:
1. The wldibinaal ins inm imcresed the
oostof the house about 31,00 per sgunee
T ol Heor s

The divect thermal conductian poths
provided by the cement block: fouisdation
and the wonlen Framing aff the hease were
reduced, Window headers were eliminaed
by plzcing sirgbe cisement windies dinec-
Ty between the studs 24 inches an ["‘IITE"J
anid wsing 2-inch by Reinc
crs gt the topeand botto

Iy wroand Ui
. s, s an addisional meh of pely
styrenc could be added to seduec the cdoe
Tosses of the upperdevel floor,

fouwndation, Ik was fhaulatal oo
mside s thi

the inzerior wall af the

ing fhat ;hrreu S
degree-days per season al L
foexting in unl
blocks sre qm-d
to s an nninsulated w
b ol canduct et ol of Lse sinee-
ure and o the eartin

Roof tzses that nbowed Rl depth ceil-
i insulidion i theooisade ol e exdecoe
walls-al the bause were chosen Lo prinade
minimum cenduction nses ot the o
wall corners of the. sz, The w 1L
comers were frumed wsing only i dngle
stk s that these ers could be Flled
with fiberglnss in

AT inhliration was redyocd
sealing clecirical and plumibing runs pers
trating the shell of the house, A notable cx-
coption to scaling detadl was dhe comven.
taral - instaliation of stndard elecorical
ontlets  throughont e howse. Windgw
frames were ssnled wsing o portable kit o
apply palimvethane fram berwesn theow
dinws zid the boase framing. A mil pole
eibivlens vapor barricr was led - the
warisl sické o fhe exterior walls, but no spe-
cinl -:mmﬁm Wi g“:n [TEATHE

f-aroay
segled by (he applic
sheits ol exterar plywessl sicd

Windaws were chesen for Uesie b nfil:
N chidractiri: L indd exkerior doors
wers equipped with magicric scals,

Performance results
By ahserving the runnis
Lie T LTS
was measumed uf mi
evenings to e
preg-gny.or 2.3 B pee 1 per depreedagy.

The sveruge heating land wns calenlated
- mionghle valiaes for cheigy wse and des
groe-daiys. The dveruge [ duding (e firss
winrer was found to he 2,870 Bia per di-

ke wl L alee-
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RHO SIGMA

Puts It All Together

# High Volume Masufactiring
* Advance Technology
# Proven Perlormance

Do You Need:

= Solid Statz or Relay Closure?

s Proportional ar OM/OFF
operation?

e Singla Output.ar Dusl outpur?

= Twn sersnr inputs or thren
sensor inputs?

= High t2mperatura or low tam-
paravre detection or both?

= Digital or analod temperatire
readout?

ANY OR ALL OF THESE

FEATURAES ARE AVAILABLE

NOW ON THE FOLLOWING . . .

RE-504 Solld State Serles:
Linesrized differmarial tharmaostat
= Avzilab'a az proportional or
straighs ON/OFE s Chaice of 25r 3
sangor Inputs = Choice of hich or
bewsstornperotre detaction funatione

The infiltratinn rafe of the hrass was als
exantiiod sing a presaarizacion west, which
mepmired the nember of air changes per
hour when the heose was pressurized in 50
pasuals (3 inches oF waler). Saecdish sian-
dards fee this test limit the air kakoge rate
to threz air changes pec hour. This stn-
dard is penerally vizwed ns 4 difficult ane.
Heresver, the dinnesok hose Dzt @ feak-
ape rate of bese than 1.8 air changes per
Biour. indicating il (e Saedish standard
i an accessible goal for good buikbing prac-
e i United Statcs

Dhring the first witcer in the biase, the
Iow infiibration rate slloeeed an aceumula-
tize of water vapar. A dehumidifier wos re-
aquired thomghont this fest heating ssasan (s
contre] window condensation. Lrring the
secomd - 1 am air-lo-air
counterflow hent exchanger wis nsed wic-
cesslully e coniool the secwmabadon of
mcisne and. e ventiate the oese., The
heal sxchunger provided aboul 20 aie
chapges per hour and was turmned on o for
ahoat bwo hours e=ch - nioming s eve-
ning. The heat exchanger typically pro-
bt B o B0 preroent of the Il requited
forwnrra the incoming faw ol fresh air bac s
40 o 50 pereent relative humidity in the
Aoy e twi Fans om the hend sschanger
pepuire i bl prwer ol aboet 230 warts
The teal memfhly operating eost i #hoat

I

/

W}

lﬂ

\\!ll

| _\\\\\!\

T

Leakage rate:
per hour at 50

less than 1.8 air changes

pascals.

EE—

RS-120 Differential Thermosiat:
Linezrizad for accuracy = SPOT
ralay output for ON/off pump or
walva action = Avzilahla with 2
sansor inpuats @ Featuras high or low
temperature detaction functions

= Spacial pump mount enslesirs

= UL Ligted
WITH ALL THESE FEATURES THERE

CANBE ONLY OME CHOICE. ..

"o aiawa

RHO SIGMA, INC,
il Biamo i

Y watsco|

CHrin Mawcar Saricw na, 85

ilatin fram g aulkor)
are gesCrioed by 1ha an-
(ECF dalined. as falows

Tre arergy I

Harm ks me
anergy paymen|
he rate ol L.

deiaedays) X (28 years 11=573
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RH (%)

Cloudy sky effect

Comparison of Top Chord RH versus cloud cover (NCDC-Tucson Airport)
Data from "vented" and "non-vented": 11/17/04 to 1/19/05
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Table 4.2 Selected examples of key sectoral mitigation technologies, policies and measures, constraints and opportunities. (WG Tables SPM.3, SPM.7}

Key mitigation technologies and practices currently commercially available.
Key mitigation technologles and practices projecied to be commerciallsed

before 2030 shown in italics.

Palicies, measuras and Instruments shown to be
environmentally effective

Kay constraints or opportunities
(Mormal font = constraints; jfafics = opporfunitios)

Transpert
WEll 5.4}

Buildings
WGl &.5)

Industry

Impraved supply and distribution efficiency; fual switching from coal to gas; nuclear
power; renawable heat and power (hydropower, solar, wind, gecthamal and
bioenargy); combined heat and power; early applications of carbon dioxide capture
and storage (CCS) (2.9. storage of removed CO, from natural gas); CCS for gas,
biomass and coalfired elactricity generating facfknas advanced nuclaar power;
advanced renewable energy, including tidal and wave enemy, concentrafing solar,
and solar photoveltalcs

Maore fuel-efficient vehicles; hybrid vehicles; cleaner dissel vehicles; bicfusls; madal
shifts from road transport to rail and public transport systems; non-maotorised
transport (cycling, walking); land-use and transport planning; second generation
biofuals, higher efficlency aircraft; advanced electric and hybrid vehicles with mong
powarful and raliable batteries

Efficient lighting and daylighting; more efficient electrical appliances and heating
and cooling devices, improved cook stoves, improved insulation; passive and active
solar design for heatlng and cooling; alternative refrigeration ﬂL.IIdS recovery and
recycling of fluorinated gases; infegrafed design of commercial buildings including
tachnalogias, such as infalligent meters that provide faedback and control; solar
photovoliaies integrated in buildings

Maora efficient end-use electrical equipment; heat and power racovery; matarial

Reduction of foesil fuel subsidies; taxes or carbon charges
an fossil fuels

Feed-in tarffs for renewable energy technologies;
renawable enargy obligations; producer subsidies

Mandatory fuel economy; bicfuel blending and CO,
standards for road transport

Taxes on wehicle purchase, registration, use and motor
fuels; road and parking pricing

Influsnce mobility needs through land-use regulations and

infrastructure planning; investment in attractive public
transport facilities and non-motorised forms of transport

Applianca standards and labelling

Building codes and certification

Demand-side management programmeas

Public sector leadership programmes, including
procuremeant

Incentives for energy service companies (ESCOs)

Provision of banchmark information; performance

Resistance by vestad interests may make them
difficult to implemeant

May be appropiiale fo creale markels for low-
amissions technologies

Partial coverage of vehicle flaet may limit
effactivenass

Effectivensss may drop with higher incomes

Particularly appropriate for countries that are
building up their transportation systeams

Periodic revision of standards needead

Aftractive for new buildings. Enforcement can be
difficult

Mesad for regulations so that utiliies may profit

Government purchasing can expand demand o
enargy-efficient products

Success factor: Access to third party financing

May be appropriate to stimulate fechnology uptake.




* The A1 storyline and scenario family describes a future world of very rapid economic growth,
global population that peaks in mid-century and declines thereafter, and the rapid introduction of
new and more efficient technologies. Major underlying themes are convergence among regions,
capacity building, and increased cultural and social interactions, with a substantial reduction in
regional differences in per capita income. The Al scenario family develops into three groups that
describe alternative directions of technological change in the energy system. The three A1 groups
are distinguished by their technological emphasis: fossil intensive (A1Fl), non-fossil energy
sources (A1T), or a balance across all sources (A1B)

* The A2 storyline and scenario family describes a very heterogeneous world. The underlying
theme is self-reliance and preservation of local identities. Fertility patterns across regions
converge very slowly, which results in continuously increasing global population. Economic
development is primarily regionally oriented and per capita economic growth and technological
change are more fragmented and slower than in other storylines.

* The B1 storyline and scenario family describes a convergent world with the same global
population that peaks in mid-century and declines thereafter, as in the Al storyline, but with rapid
changes in economic structures toward a service and information economy, with reductions in
material intensity, and the introduction of clean and resource-efficient technologies. The
emphasis is on global solutions to economic, social, and environmental sustainability, including
improved equity, but without additional climate initiatives.

* The B2 storyline and scenario family describes a world in which the emphasis is on local
solutions to economic, social, and environmental sustainability. It is a world with continuously
increasing global population at a rate lower than A2, intermediate levels of economic
development, and less rapid and more diverse technological change than in the B1 and Al
storylines. While the scenario is also oriented toward environmental protection and social equity, it
focuses on local and regional levels.



Comparison between global economic mitigation potential and projected emissions increase in 2030
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Figure 4.1. Global economic mitigation potential in 2030 estimated from bottom-up (Panel a) and top-down (Panel b) studies, compared with the projected
emissions increases from SRES scenarios relalive fo year 2000 GHG emissions of 40.8 GICO,-eq (Panel ¢). Note: GHG emissions in 2000 are exclusive of
emissions of decay of above-ground biomass that remains after logging and deforestalion and from peat fires and drained peal soils, to ensure consistency
with the SRES emissions results. {WGIl Figures SPM.4, SPM.5a, SPM.5h)
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